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($i=1,$ $\ldots$ , m) ( ) j
$(j=1, \ldots, n)$ $i$ j $d_{ij}$
$j$ $W_{j}$ $S_{j}$




$i$ rate $r_{i}$ ( )
j rate
$r_{i}=x:1+\cdots+X:n$ ’ $x_{i1}\geq 0,$ $\ldots,$ $x_{n}:\geq 0$ , $i=1,$ $\ldots,m$
$x_{1j}$
. j
$x_{j}=x_{1j}+\cdots+x_{mj}$ , $j=1,$ $\ldots,$ $n$
( ) j
j
$x_{\dot{\iota}j}$ \geq 0 $i=1,$ $\ldots,$ $m;j=1,$ $\ldots,$ $n$
3
$W_{j}=$ j







X $mn$ $x_{ij}\geq 0$ $(i=1,$
$\ldots,$ $m;j=1,$ $\ldots$ ,
$n)$
$x_{1j}+\cdots+x_{mj}=x_{j}$ , $j=1,$ $\ldots,$ $n$
$x:1+\cdots+x:n=r_{\dot{|}}$ , $i=1,$ $\ldots,$ $m$




$E(\ovalbox{\tt\small REJECT}+S_{\ovalbox{\tt\small REJECT}})$ j
$h_{j}(x_{j})=E(W_{j}+S_{j})$















$i$ rate $r_{i}$ j rate $\lambda_{j}$
( 1 )
$E(W_{j})= \frac{x_{j}}{\lambda_{j}(\lambda_{j}-x_{j})}$ , $E(S_{j})= \frac{1}{\lambda_{j}}$
$h_{j}(x_{j})= \frac{1}{\lambda_{j}-x_{j}}$
$x_{j}<\lambda_{j}$ $j$ 2 $\mathrm{M}/\mathrm{M}/2$
$E(W_{j})= \frac{x_{j}^{2}}{\lambda_{j}(2\lambda_{j}+x_{j})(2\lambda_{j}-x_{j})}$, $E(S_{j})= \frac{1}{\lambda_{j}}$
$h_{j}(x_{j})= \frac{1}{2\lambda_{j}+x_{j}}+\frac{1}{2\lambda_{j}-x_{j}}$
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$t$ 1 $t$ $t^{*}$
$x_{j}^{*}=h_{j}^{-1}(t^{*})$
$\min_{x_{\mathrm{j}}}\max[hj(xj)]=h_{j}(x_{j}^{*})=t^{*}\mathrm{j}$ (4)
$hj(x_{j}^{*})=t^{*}$ for all $j$ (5)
$x_{1}^{*}+\cdots+x_{n}^{*}=R$ (6)
(3) $t^{*}$ $x_{1}^{*},$ $\ldots,x_{n}^{*}$ $i$ j x.$\cdot$j
$x:1+\cdots+x:n=r_{\dot{|}}$ , $i=1,$ $\ldots,$ $m$
$x_{1j}+\cdots+x_{mj}=x_{j}^{*}$ , $j=1,$ $\ldots,$ $n$













$i=1,$ $\ldots,$ $m;j=1,$ $\ldots,$ $n$




$x:1+\cdots+x:n=r_{1}.$ , $i=1,$ $\ldots,$ $m$
$x_{1j}+\cdots+x_{mj}=x_{j}$ , $j=1,$ $\ldots,$ $n$





$D=\{1, \ldots, m\}$ ; $F=\{1, \ldots, n\}$
D j\in F $D_{j\text{ }}i$.e.
$D_{j}=\{i| X.\cdot j>0\}$ , $j=1,$ $\ldots,$ $n$
$x_{j}$ (S) $X_{1j}$.
$x_{j}= \sum_{\dot{\iota}\in D_{j}}x_{ij}$





$\max.\cdot$ u(x )dij, $j=1,$ $\ldots,$ $n$











$x\text{ }\geq 0$ , $i=1,$ $\ldots,$ $m;j=1,$ $\ldots,$ $n$
(T) $d_{j}$ $Xj$ $d_{j}$ $x_{j}$
(S) $x_{j}^{*}$ $d_{j}^{*}$
$h_{1}(x_{1}^{*})+d_{1}^{*}=h_{2}(x_{2}^{*})+d_{2}=\cdots=h_{n}(x_{n}^{*})+d_{n}^{*}$
$x_{j}^{*}$ $xj$ $\sum x_{ijj}=x$
$x_{ij}>0$ $i$ $X_{1j}$. $d_{ij}$
$d_{j}$ $x_{j}$
$d_{j}$
$d_{\dot{l}j}$ $\sum$ xj=R $x_{j}$ $i.e$ . $x\iota$
$d_{l}$
$x_{j}$
$x_{j}^{0}$ (S) (T) : $h_{j}(xj)+$
dj=
6




$\frac{1}{\lambda_{jm}-x_{j}}=$ for all $j$
$\dot{.}\sum_{=1}r_{i}=R$
; $\sum_{j=1}^{n}\lambda_{j}=M$





$i=1,$ $\ldots,$ $m;j=1,$ $\ldots,$ $n$
$i$ $j$ ( 1 ) 3
(m=3) 5 $(n=5)$
$r_{1}=3,$ $r_{2}=4,$ $r_{3}=5$ ,





$\frac{1}{\lambda_{j}-x_{j}}=$ for all $j$
$\sum_{j=1}^{5}xj=R=12$
$x_{j}^{0}$
$x_{1}^{0}=3.2,$ $x_{2}^{0}=3.2,$ $x_{3}^{0}=2.2,$ $x_{4}^{0}=1.2,$ $x_{5}^{0}=2.2$
$d_{ij}$ (S)
$x_{11}^{0}=0.8$ , $x_{12}^{0}=0$ , $x_{13}^{0}=0$ , $x_{14}^{0}=0$ , $x_{15}^{0}=2.2$ ,
$x_{21}^{0}=2.4$ , $x_{22}^{0}=0$ , $x_{23}^{0}=0.4$ , $x_{24}^{0}=1.2$ , $x_{25}^{0}=0$ ,
$x_{31}^{0}=0$ , $x_{32}^{0}=3.2$ , $x_{33}^{0}=1.8$ , $x_{34}^{0}=0$ , $x_{35}^{0}=0$
$D_{1}^{0}=\{1,2\},$ $D_{2}^{0}=\{3\},$ $D_{3}^{0}=\{2,3\},$ $D_{4}^{0}=\{2\},$ $D_{5}^{0}=\{1\}$
$d_{1}^{0}=3,$ $d_{2}^{0}=3,$ $d_{3}^{0}=6,$ $d_{4}^{0}=4,$ $d_{5}^{0}=2$
$w^{0}= \mathrm{m}\mathrm{a}\mathrm{x}j(\frac{1}{\lambda_{j}-x_{j}^{0}}+d_{j}^{0})=7.35$
$d_{j}^{0}$
$\frac{1}{\lambda_{j}-x_{j}}+d_{j}^{0}=-\overline{i\mathrm{E}}$ for all $j$ ,
$\sum_{j=1}^{5}x_{\mathrm{j}}=12$
$x_{j}^{1}$
$x_{1}^{1}\approx 3.71,$ $x_{2}^{1}\approx 3.71,$ $x_{3}^{1}\approx 0.23,$ $x_{4}^{1}\approx 1.56,$ $x_{5}^{1}\approx 2.77$
(S)
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$x_{11}^{1}=0.23$ , $x_{12}^{1}=0$ , $x_{13}^{1}=0$ , $x_{14}^{1}=0$ , $x_{15}^{1}=2.77$ ,
$x_{21}^{1}=3.48$ , $x_{22}^{1}=0$ , $x_{23}^{1}=0$ , $x_{24}^{1}=0.52$ , $x_{25}^{1}=0$ ,
$x_{31}^{1}=0$ , $x_{32}^{1}=3.71$ , $x_{33}^{1}=0.23$ , $x_{34}^{1}=1.06$ , $x_{35}^{1}=0$
$D_{1}^{1}=\{1,2\},$ $D_{2}^{1}=\{3\},$ $D_{3}^{1}=\{3\},$ $D_{4}^{1}=\{2,3\},$ $D_{5}^{1}=\{1\}$
$d_{1}^{1}=3,$ $d_{2}^{1}=3,$ $d_{3}^{1}=4,$ $d_{4}^{1}=3,$ $d_{5}^{1}=2$
$d_{j}^{1}$
$\frac{1}{\lambda_{j}-x_{j}}+d_{j}^{1}=$ for all $j$ ,
$\sum x_{j}=12$
$x_{j}^{2}$
$x_{1}^{2}\approx 3.37,$ $x_{2}^{2}\approx 3.37,$ $x_{3}^{2}\approx \mathrm{L}26$ , $x_{4}^{2}\approx 1.37,$ $x_{5}^{2}\approx 2.63$
(S)
$x_{11}^{2}=0.37$, $x_{12}^{2}=0$ , $x_{13}^{2}=0$ , $x_{14}^{2}=0$ , $x_{15}^{2}=0$ ,
$x_{21}^{2}=3.00$ , $x_{22}^{2}=0$ , $x_{23}^{2}=0$ , $x_{24}^{2}=1.00$ , $x_{25}^{2}=0$ ,
$x_{31}^{2}=0$ , $x_{32}^{2}=3.37$ , $x_{33}^{2}=1.26$ , $x_{34}^{2}=0.37$ , $x_{35}^{2}=2.63$
$D_{1}^{2}=\{1,2\},$ $D_{2}^{2}=\{3\},$ $D_{3}^{2}=\{3\},$ $D_{4}^{2}=\{2,3\},$ $D_{5}^{2}=\{1\}$
$d_{1}^{2}=3,$ $d_{2}^{2}=3,$ $d_{3}^{2}=4,$ $d_{4}^{2}=3,$ $d_{5}^{2}=2$












[1] Berman, O. and Larson, R. (1985) Optimal 2-Facility Network Districting in the Presence of Queuing,
Transpotation Science, $\mathrm{V}\mathrm{o}\mathrm{l}.19$ , pp.261-277.
[2] Cooper, $\mathrm{R}.\mathrm{B}$ . (1990) Queuing Theory. In Handbooks in Operations Research and Management Sci-
ence, $\mathrm{V}\mathrm{o}\mathrm{l}.2,$ $\mathrm{D}.\mathrm{P}$ . Heyman and $\mathrm{M}.\mathrm{J}$ . Sobel (eds). North-Holland, New York.
[3] Drezner (Editor). (1997) Facility Location: ASurvey of Applications and Methods. Springer; New
York.
[4] Hotelling, H. (1929) Stability in Competition, The Economic Journal, $\mathrm{V}\mathrm{o}\mathrm{l}.30,$ PP.41-57.
141
